The meson-baryon coupled channel unitary approach with the local hidden gauge formalism is extended to the hidden beauty sector. A few narrow N * and Λ * resonances around 11 GeV are predicted as dynamically generated states from the interactions of heavy beauty mesons and baryons.
I. INTRODUCTION
In conventional quark models, all established baryons are ascribed into simple 3-quark (qqq) configurations [1] . The excited baryon states are described as excitation of individual constituent quarks, similar to the cases for atomic and nuclear excitations. However, unlike atomic and nuclear excitations, the typical hadronic excitation energies are comparable with constituent quark masses. Hence to drag out apair from gluon field could be a new excitation mechanism besides the conventional orbital excitation of original constituent quarks. Some baryon resonances are proposed to be meson-baryon dynamically generated states [2] [3] [4] [5] [6] [7] [8] or states with large () components [9] [10] [11] . A difficulty to pin down the nature of these baryon resonances is that the predicted states from various models are around the same energy region and there are always some adjustable ingredients in each model to fit the experimental data. A typical example is N * (1535) which has large couplings to the strangeness. In the 3-quark (qqq) configurations, it is described as the orbital angular momentum L = 1 excitation of a quark. But phenomenological studies suggest that it may be a quasi-bound state of KΣ system [12] [13] [14] , or a hidden strangeness 5-quark state [10, 15] .
In order to clearly demonstrate the new excitation mechanism with some of its corresponding states, in Ref. [16] , the meson-baryon coupled channel unitary approach with the local hidden gauge formalism was performed for the hidden charm sector and several narrow N * and Λ * resonances with hidden charm were predicted to exist. If found experimentally, these resonances definitely could not be described as three constituent quark states. Here, we extend the study to the hidden beauty sector. Some super-heavy N * and Λ * resonances with hidden beauty are predicted to exist, with mass around 11 GeV and width smaller than 10 MeV. If these resonances would be experimentally confirmed, they should be part potential are investigated. In section V, the calculation about production of these predicted states from pp and ep collisions is presented. Finally, a short summary is given in the last section.
II. FORMALISM FOR MESON-BARYON INTERACTION
We follow the recent work of Ref. [16] on the interactions between charmed mesons and baryons, and replace charm quark by beauty quark. The P B → P B and V B → V B interactions by exchanging a vector meson are considered, as shown by the Feynman diagrams in Fig. 1 . 
The effective Lagrangians for the interactions involved are [17] :
where P and V stand for pseudoscalar and vector mesons of the 16-plet of SU (4) 
where the a, b stand for different channels of P 1 (V 1 )B 1 and P 2 (V 2 )B 2 , respectively. The E is the energy of corresponding particle. The ǫ is the polarization vector of the initial or final vector. And the ǫ 0 1,2 component is neglected consistently with taking p/M V ∼ 0, with p the momentum of the vector meson. Here we only change the charm quark to beauty quark, so the C ab coefficients are exactly the same as those in Ref. [16] , so that there are only two cases, (I, S) = (1/2, 0) and (0, -1), which have attractive potentials. We list the values of the C ab coefficients for P B → P B for these two cases in Table I and Table II , respectively. 
with G being the loop function of a meson (P), or a vector (V), and a baryon (B). The ǫ 1 · ǫ 2 factor of Eq. (3) factorizes out also in T .
For the G loop function, there are usually two ways to regularize it. The first one is using dimensional regularization by means of the formula
where q is the four-momentum of the meson, P is the total four-momentum of the meson and the baryon, s = P 2 ,q denotes the three momentum of the meson or baryon in the center of mass frame, µ is a regularization scale, which we put 1000 MeV here. Changes in the scale are reabsorbed in the subtraction constant a µ to make results scale independent.
a µ is of the order of −2, which is the natural value of the subtraction constant [18] . When we look for poles in the second Riemann sheet, we should change q to −q when √ s is above the threshold in Eq.(5) [19] .
The second way to regularize the G loop function is by putting a cutoff in the threemomentum:
where
, and Λ is the cutoff parameter in the threemomentum of the function loop.
Here we give some detailed discussion on these two types of G function. Firstly the free parameters are a µ in Eq.(5) and Λ in Eq. (6) . The value of Λ is around 0.8 GeV, which are within the natural range for effective theories [5] . Then the a µ parameter is determined by requiring that the two G functions from Eq. (5) and Eq.(6)take the same value at threshold. This value also leads to similar shape near threshold for the two G functions as shown in Fig.2 . In Fig.2 , the real part and imaginary part of two G functions vs the energy difference between the center mass energy and the corresponding threshold for KΣ,DΣ c and BΣ b channels are demonstrated. In Table. III, the parameters for different G functions and channels are listed. While the imaginary parts of two G functions are exactly the same, there are some differences for the real parts of two G functions and the differences become bigger for heavier channels. For the same Λ value, the magnitude of a µ depends on the threshold of channels and gets bigger for heavier channels. One point worth mentioning is that for the BΣ b channel the real part of the G function given by Eq. (5) is larger than zero for energies more than 50 MeV below the threshold as shown in Fig.2 . As we know, if the interaction is repulsive potential, i.e., the value of the potential V is positive, there should be no bound state. However, when the real part of G function is also positive below the threshold, the pole can still be found in the model T matrix with a repulsive potential.
These poles far below threshold are beyond the valid region of the model approximation and should be discarded. Since varying the G function in a reasonable range does not influence our conclusion qualitatively, we present our numerical results in the dimensional regularization scheme with a µ = −3.71, in this paper. as resonances. As previously discussed, the poles will be kept only when the real part of Eq. (5) is negative.
From the T matrix for the P B → P B and V B → V B coupled-channel systems, we can find the pole positions z R . Six poles are found in the real axes below corresponding thresholds and therefore they are bound states. For these cases the coupling constants are obtained from the amplitudes in the real axis. These amplitudes behave close to the pole as:
We can use the residue of T aa to determine the value of g a , except for a global phase. Then, the other couplings are derived from To consider some possible decay channels for them, such as πN, ηN, KΣ, η b N and so on, we estimate these decays through heavy beauty meson exchanges by means of box diagrams as in Refs. [16, 20, 21] . We neglect transitions to the hidden charm channels such asDΣ c andDΛ + c , because they need t-channel exchange of too heavy vector meson constituted of charm and beauty quarks. The results for P B and corresponding V B channels are listed in Table V. Comparing results in Table IV and Table V , the influence of these additional coupled channels to the masses of predicted states is negligible. This is because the transition potential by exchanging heavy beauty vector meson is much smaller than the potential by exchanging light vector meson.
TABLE IV: Pole positions z R and coupling constants g a for the states in (I, S) = (1/2, 0) sector. We also do not consider the coupled channel effect between V B and P B channels as in
Ref. [16] . The reason is that the transition potentials P B → V B are much smaller than the potentials of P B → P B or V B → V B. Taking BΣ b → B * Σ b through t-channel pion exchange as an example, the B * πB coupling is proportional to (p B − p π ) µ ε µ B * and is zero in the static limit which ignores the three momenta of mesons and assumes ε µ B * = (0, ε B * ). Going beyond the static limit will give a non-zero transition potential but still much smaller than its diagonal partners. This has been demonstrated by the production rate of J/ψ/η c frompp collisions in Ref. [16] . The cross section forpp →ppJ/ψ throughDΣ c bound state is smaller than that forpp →ppη c by more than an order of magnitude for similar excess energies. Therefore, the coupled channel effect between V B and P B channels is expected to have negligible influence on our predicted states.
One problem associated to the beauty sector should be addressed here. As shown in We choose a middle value 5.940 GeV in this paper. From Table II, Table VI. For the coupled B s Λ b and BΞ b channels, the T matrix can be written as:
with
The V ′ is negative and hence provides an attractive potential. For a µ = −3.71, one pole is found for the coupled-channel system, with mass between the two thresholds of B s Λ b (10.986
GeV) and BΞ b (11.071 GeV). The pole position depends on the value of a µ as demonstrated in Table VI and can move to below the B s Λ b threshold when the magnitude of a µ increases, such as for a µ = −3.82 corresponding to the Λ = 1.1 GeV. The coupling constants and the possible decay channels of these two resonances are listed in Tables VII and VIII 
IV. EFFECTS OF MOMENTUM DEPENDENT TERMS IN THE POTENTIAL
For our model calculations in the last two sections, the static limit is assumed for the t-channel exchange of light vector mesons by neglecting momentum dependent terms as discussed after the Eq.(1). However, in Ref. [24] , dynamically generated open 
where k and q are defined as ( p + p ′ )/2 and p − p ′ with p and p ′ the initial and final momenta of the pseudo-scalar meson, respectively, in the center of mass system of the BΣ b channel.
For simplicity, we assume the same cut-off parameter Λ V for the ρ and ω mesons.
The effective potential for the Schrodinger Equation in the coordinate space, V ( r), can be obtained by using the following Fourier-transformation formulae:
Then we can solve the Schrodinger Equation
to find possible bound state with eigenvalue E and corresponding wave function Ψ( r), and estimate the size of the systemr with the formulā
It is found that whether there exists a bound state depends on the cut-off parameter Λ V .
The results corresponding to various Λ V values are listed in Table. IX. From the Table IX, According to Ref. [26] , "the apparent radius of the pion as seen by the photon is determined almost completely by the intermediate ρ meson: the intrinsic pion size must be considerably smaller than the measured charge radius. In descriptions which explicitly include the ρ meson, the pion can therefore be considered point-like for all practical purposes".
In our approach with the t-channel ρ meson exchange explicitly included, the D meson similar to the pion is expected to have very small size while the intrinsic radius of Σ c baryon is expected to be around 0.5 fm similar to that for the proton [26] . With typical sizer larger than 0.5 fm, our predicted hadron molecular state should not suffer much from internal structure of the constituents. The Lagrangians for the interaction vertices of these two reactions are as follows [27] [28] [29] :
withg µν (P ) = −g µν + P µ P ν P 2 . In our model calculation, we only consider S-wave PB and VB interactions, so the spin- As usual, the off-shell form factors should be considered here. We use two kinds of form factors for mesons and baryons, respectively.
where M stands for π or ρ, and N stands for N * bb or nucleon pole. Here Λ M = 1.3 GeV, Λ N = 1.0 GeV.
To produce the predicted N * bb (11052) in the pp collisions, the center-of-mass energy should be above 12 GeV. In Fig.4 , the left figure shows our theoretical estimated total cross section for the pp → ppη b reaction through the N * bb production vs the center-of-mass energy, with (dashed curve) and without (solid curve) including the off-shell form factors. As an estimation of background contribution to the N * bb production, we also calculate the corresponding cross section through the off-shell nucleon pole without including the form factors.
The result is shown by the dotted curve. The contribution from the nucleon pole is much smaller than that from the N * bb production, because the nucleon pole is much more off-shell than N * bb For the production of N * bb (11100) in ep collisions, the invariant mass of the system should be above 11 GeV. The right figure in Fig.4 shows our calculated total cross section for the e − p → e − pΥ reaction vs the invariant mass of the system with (dashed curve) and without (solid curves) including form factors. The cross section of this reaction is much larger than that for the pp → ppη b reaction. The reason is due to the propagator of massless photon.
The propagator of photon is given as the following:
where the p i , E i are the three-momentum and energy of initial e − , and p f , E f for final e − . θ is the angle between initial and final e − . When the directions of initial and final e − are the same, i.e., cosθ = 1, the value of Eq. (23) becomes very large because of the very small mass of e − . As the beam momentum of e − becomes larger, the propagator of photon can reach very big value. For the invariant mass of the system less than 15 GeV, the cross section of e − p → e − pΥ reaction is of the same order of magnitude as that of pp → ppη b reaction.
VI. SUMMARY
In summary, the meson-baryon coupled channel unitary approach with the local hidden gauge formalism is extended to the hidden beauty sector. Two N * bb states and four Λ * bb states are predicted to be dynamically generated from coupled PB and VB channels with the same approach as for the hidden charm sector [16] . Because of the hidden bb components involved in these states, the masses of these states are all above 11 GeV while their widths are of only a few MeV, which should form part of the heaviest island for the quite stable N * and Λ * baryons. The nature of these states is similar as corresponding N * cc and Λ * cc states predicted in Ref. [16] , which definitely cannot be accommodated by the conventional 3q quark models. For the pp → ppη b reaction, the best center-of-mass energy for observing the predicted N * bb is 13 ∼ 25 GeV, where the production cross section is about 0.01 nb. For the e − p → e − pΥ reaction, when the center-of-mass energy is larger than 14 GeV, the production cross section should be larger than 0.1 nb. Nowadays, the luminosity for pp or ep collisions can reach 10 33 cm −2 s −1 , this will produce more than 1000 events per day for the N * bb production. We expect future facilities, such as proposed electron-ion collider (EIC) [30] , to discover these very interesting super-heavy N * and Λ * with hidden beauty.
